In 1998, Ebbesen and co-workers demonstrated the surprising result that arrays of small holes in a metal show optical transmission resonances [1] . This result was surprising because Bethe's aperture theory predicts negligible transmission through a single small hole in a thin metal film. As a result the phenomenon was termed extraordinary optical transmission (EOT).
to probe the two independent resonances. Whereas one polarization state gives a reduction of laser intensity when molecules adsorb on the surface, the other polarization state gives an increase. As a result, intensity changes from surface adsorption can be separated from other types of intensity changes, for example, from optical absorption. In this method, the nanohole array itself acts as the spectrometer. By eliminating the need for an external spectrometer, significant reduction in cost and increased portability are possible.
We have recently been working to reduce the limit of detection using sensing inside the nanoholes. This has the advantage of reducing the surface area for detection. It also has the surprising benefit of providing high sensitivity, even though the sensing takes place only inside the hole. The large sensitivity arises because EOT involves two intertwined processes: (1) transmission through the holes and (2) scattering of evanescent waves by the holes. By attaching molecules inside the holes, the transmission is modified significantly and the overall transmission resonance undergoes a large shift in wavelength, even though the sensing area is reduced.
To sense only from inside the holes, we created a glass-gold-glass sandwich, where the top layer of glass was only 50 nm. We then milled the hole array through the top glass layer and the gold. The inside of the hole had exposed gold, which allowed for molecule adsorption by a thiol linkage. Large shifts in the transmission resonance wavelength were observed for adsorption of monolayers, with attomolar sensitivity.
We have also been working to achieve flow-through sensing [7] . A schematic device is shown in Fig. 1 . Some exciting early results of flow-through are shown in Figs. 2 and 3. The flow-through sensing technique has the advantage of reducing the microfluidic channel to a nanofluidic channel. As a result, the diffusion time of molecules to the metal surface is greatly reduced and faster detection becomes possible. Coupled with in-hole sensing, flow-through promises unprecedented speed and limits of detection. A challenge remaining for the nanohole-SPR technique is fabrication. While focused-ion beam lithography is the work-horse of many research labs, the mass production of nanohole arrays is required. Several methods, including nano-imprint lithography [8] and optical lithography [9] , have been demonstrated for mass production of nanohole arrays.
Further opportunities exist in tailoring the shape of the nanohole to manipulate the electromagnetic field inside it; see, for example, Ref In summary, sensing based on an array of nanoholes in a metal film has undergone rapid development in the past few years; the pace of research is quickening, with many opportunities for further improvement. It is expected from this trend that real-time nanoholebased sensors will be developed in the next few years that are: (1) miniaturized and standalone; (2) highly multiplexed; (3) highly portable; (4) highly sensitive. in terms of both output sensitivity and detection limit; and (5) inexpensive (~$100 production cost). Nanohole arrays also hold great promise for nonlinear optics and spectroscopy [7] .
